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Summary
Introduction:  The  reproducibility  of  various  classiﬁcation  systems  for  trochanteric  fractures  is
poor. This  problem  could  be  related  to  a  lack  of  readability  when  using  conventional  X-rays.
Hypothesis:  Computed  tomography  scanning  (CT  scan)  will  improve  the  interobserver  repro-
ducibility of  the  AO  classiﬁcation  for  trochanteric  fractures.
Patients  and  methods:  This  was  a  prospective,  observational,  descriptive  study  following  a
group of  53  patients  with  trochanteric  fractures.  The  fractures  were  evaluated  with  conven-
tional X-rays,  CT  scan  slices  and  3D  reconstruction  (3DR).  The  resulting  images  were  blinded  and
analysed by  two  observers  using  two  classiﬁcation  systems:  AO  and  Evans  modiﬁed  by  Jensen
(EVJE). A  sample  size  of  53  was  needed  to  show  an  improvement  in  the  interobserver  repro-
ducibility  when  deciding  the  AO  classiﬁcation  type  with  CT  scan  images.  Kappa  coefﬁcients
were used  to  measure  interobserver  reproducibility  and  agreement;  agreement  is  the  degree
of consistency  in  the  analysis  by  one  observer  who  views  the  same  fracture  on  two  different
imaging modalities.
Results:  The  interobserver  reproducibility  for  the  AO  classiﬁcation  was  0.28  for  X-rays,  0.33  for
CT scan  and  0.28  for  3DR.  For  the  EVJE  classiﬁcation,  these  coefﬁcients  were  0.50  for  X-rays,
0.35 for  CT  scan  and  0.47  for  3DR.  The  agreement  rate  between  the  two  imaging  modalities
was between  0.38  and  0.58  for  X-rays/CT  scan  and  between  0.79  and  0.86  for  CT  scan/3DR.
Discussion:  The  primary  objective  of  this  study  was  not  achieved.  CT  imaging  does  not  improve
the interobserver  reproducibility  of  various  classiﬁcation  systems  for  trochanteric  fractures.
∗ Corresponding author.
E-mail address: cavaignac.etienne@gmail.com (E. Cavaignac).
877-0568/$ – see front matter © 2012 Elsevier Masson SAS. All rights reserved.
ttp://dx.doi.org/10.1016/j.otsr.2012.09.019
Radiological  and  anatomical  study  of  trochanteric  fractures  47
However,  by  providing  images  as  slices,  the  complex  nature  of  fractures  in  this  area  was
revealed. The  challenges  related  to  classifying  various  fractures  are  not  exclusively  related
to a  ‘‘readability’’  problem,  but  also  an  understanding  and  analysis  problem.
Level of  evidence:  Prospective  diagnostic  study,  level  III.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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Multiple  classiﬁcation  systems,  most  of  them  descriptive
[1—6], have  been  put  forward  to  differentiate  between  var-
ious  trochanter  area  fractures,  which  have  become  more
common  as  the  population  ages  [7].  The  most  used  clas-
siﬁcation  systems  are  the  one  by  Evans  [5],  modiﬁed  by
Jensen  et  al.  [2]  and  the  one  by  Muller  et  al.  [1]  (AO).
Despite  routine  use,  the  interobserver  reproducibility  of
these  two  systems  is  poor  [8—12]. Also,  the  classiﬁcation
is  based  on  single  plane,  A/P  views  from  X-rays.  The  true
trajectory  of  the  fracture  line  (especially  in  the  sagittal
plane)  and  the  degree  of  comminution  are  difﬁcult  to  eval-
uate.  But  this  information  is  important  due  to  the  potential
impact  on  the  mechanical  stability  of  these  injuries,  which
are  mainly  treated  by  internal  ﬁxation.  Parker  and  Handoll
[13]  have  shown  that  intramedullary  devices  are  more  effec-
tive  than  extramedullary  devices,  especially  for  fractures
involving  the  lateral  cortex  of  the  greater  trochanter.  Got-
fried  [14]  and  then  Palm  et  al.,  [15]  have  pointed  out  that
extramedullary  ﬁxation  is  only  effective  when  the  lateral
trochanteric  cortex  is  intact.
The  hypothesis  driving  the  current  work  was  that  com-
puted  tomography  scanning  (CT  scan),  because  of  its  more
extensive  analysis  of  bone  anatomy,  will  improve  the  repro-
ducibility  rates  for  the  Evans-Jensen  (EVJE)  and  Muller  (AO)
classiﬁcation  systems.
The  primary  goal  of  this  study  was  to  show  an  improve-
ment  in  the  interobserver  reproducibility  when  CT  scan
images  are  used  to  establish  the  fracture  type  in  these
two  classiﬁcation  systems.  The  secondary  goals  of  this  study
were  to  analyse  the  ability  of  conventional  X-rays  to  detect
lateral  cortex  involvement  and  to  measure  the  reproducibil-
ity  of  the  two  above-mentioned  classiﬁcation  systems.
Patients and methods
Patients
We  performed  a  prospective,  single-centre,  observational,
descriptive  study  of  patients  presenting  with  a  trochanteric
fracture.  This  protocol  was  not  submitted  for  approval  at
our  facility.  Between  January  1,  2011  and  April  30,  2011,
patients  who  presented  at  our  emergency  ward  with  a  recent
trochanter  area  fracture  were  proposed  for  inclusion  into  an
imaging  protocol,  as  long  as  a  CT  scanner  and  a  radiologist
(AP  and  NS)  were  available.  Patients  with  fractures  in  patho-
logical  bone  (metastasis,  bone  pathology)  were  excluded.
The  trochanter  area  was  deﬁned,  based  on  AO  classiﬁca-
tion  criteria,  as  the  area  located  between  the  base  of  the
femoral  neck  in  the  cranial  orientation  and  a  horizontal  line
i
a
a
aassing  2.5  cm  below  the  lesser  trochanter  in  the  caudal
rientation,  which  forms  the  ‘‘epiphyseal  square’’  [1].  The
maging  assessment  consisted  of  A/P  X-rays  of  the  injured
ip  obtained  in  all  cases,  lateral  X-rays  obtained  in  30
ases  (56%),  CT  scanning  with  axial  slices  (CT  scan)  and
ith  three-dimensional  reconstruction  (3DR).  The  CT  scan-
ing  was  performed  with  a four-slice  CT  scanner  (Siemens
G,  Erlangen,  Germany).  The  3D  reconstructions  were  per-
ormed  by  a  radiologist  (AP)  from  contiguous  slices  at  2  mm
ntervals,  providing  a  360◦ view  based  on  36  images.
During  this  period,  58  patients  were  eligible  for  the  study.
ive  were  excluded  from  this  study  because  the  paraclini-
al  assessment  was  incomplete:  in  four  cases,  the  physician
t  admission  was  not  aware  of  the  study  protocol  and,  in
ne  case,  the  CT  scanner  was  not  available  in  a  reasonable
ime  frame  before  the  surgery.  Thus,  53  patients  (41  women,
2  men)  with  an  average  age  of  84  years  (SD:  10.8)  were
ncluded.  The  fracture  was  on  left  side  in  26  cases  and  on
he  right  side  in  27  cases.
ethods
or  each  patient,  the  images  obtained  were  made  anony-
ous  and  analysed  independently.  The  two  observers  (ML
nd  EC)  were  asked  to  classify  each  fracture  based  on  the  AO
nd  EVJE  classiﬁcation  systems  with  three  different  imaging
odalities  (X-rays,  CT  scan,  3DR),  interpreted  in  isolation
nd  without  knowledge  of  the  results  from  the  other  images.
he  AO  classiﬁcation  has  three  main  groups  that  are  sub-
ivided  into  three  subgroups  [1].  The  EVJE  classiﬁcation
onsists  of  ﬁve  pertrochanteric  fracture  types  and  one  R
ype  (for  reverse)  that  groups  all  intertrochanteric  fractures
2,5].  The  analysis  was  performed  on  a  series  of  20  contin-
ous  images  (X-rays,  CT  scan,  3DR)  that  was  repeated  until
he  full  series  had  been  analysed.  Any  fracture  in  the  lateral
ortex  of  the  greater  trochanter  was  noted.  This  area,  called
he  ‘‘lateral  wall’’  by  Gotfried  [14], corresponds  to  the  lat-
ral  trochanteric  cortex  going  from  the  top  of  the  greater
rochanter  to  a  horizontal  line  that  crosses  the  lower  margin
f  the  lesser  trochanter.
tatistical  methods
he  various  items  were  recorded  in  spreadsheet  software
Excel,  Microsoft,  Redmond,  WA,  USA).  The  descriptive  anal-
sis  revolved  around  distributing  the  population  into  the
arious  groups  by  the  two  observers  based  on  the  various
maging  modalities,  along  with  the  presence  or  absence  of
 lateral  wall  fracture.  The  comparative  analysis  revolved
round  the  measurement  of  interobserver  reproducibility
nd  agreement  in  the  classiﬁcation  between  the  various
4 E.  Cavaignac  et  al.
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Figure  2  Results  of  the  analysis  using  transverse  axial  CT
slice (CT  scan)  images  according  to  the  AO  classiﬁcation  by
two observers  for  53  trochanteric  fractures.  Black  bars  corre-
spond  to  EC  (Junior)  and  grey  bars  correspond  to  ML  (Senior).
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maging  modalities  using  Cohen’s  kappa  coefﬁcient.  Repro-
ucibility  and  agreement  were  considered  better  as  the
oefﬁcient  approached  a  value  of  1.  They  were  deemed
xcellent  when  between  1  and  0.81;  good  when  between
.80  and  0.61;  average  when  between  0.60  and  0.41;
eak  or  poor  when  below  0.40  (based  on  Landis  and  Koch
16]).  We  considered  CT  scanning  as  the  gold  standard  for
one  imaging  and  then  determined  the  diagnostic  ability
f  conventional  X-rays  (sensitivity,  speciﬁcity,  positive  and
egative  predictive  value)  in  detecting  lateral  wall  involve-
ent.  The  sample  size  calculation  was  made  to  be  able
o  demonstrate  an  interobserver  reproducibility  of  0.61
good  agreement)  for  the  CT  scan  and  the  AO  classiﬁca-
ion  system  with  a  Type  1  error  risk  of  5%  and  a power
f  80%.  This  led  to  53  subjects  being  included  in  this
tudy.  The  calculation  was  based  on  the  study  by  Pervez
t  al.,  [11]  (5  observers,  88  subjects)  who  found  an  inter-
bserver  agreement  kappa  of  0.42  for  an  analysis  of  the  AO
lassiﬁcation.
esults
ased  on  conventional  X-rays  and  using  the  AO  classiﬁcation
Fig.  1),  ML  put  14  fractures  (27%)  in  group  A1,  31  (57%)  in
roup  A2  and  eight  (15%)  in  group  A3.  With  the  same  classi-
cation,  EC  put  15  fractures  (28%)  in  group  A1,  30  (58%)  in
roup  A2  and  eight  (15%)  in  group  A3.  Based  on  the  analysis
f  axial  CT  slices  (Fig.  2),  ML  put  eight  fractures  (13%)  in
roup  A1  of  the  AO  classiﬁcation,  38  (72%)  in  group  A2  and
ight  (15%)  in  group  A3;  for  EC  the  distribution  was  eight  in
1  (15%),  38  in  A2  (72%)  and  nine  in  A3  (17%).  Based  on  3D
econstruction  images  (Fig.  3),  ML  put  nine  fractures  (16%)
igure  1  Results  of  the  analysis  using  conventional  X-ray
mages  according  to  the  AO  classiﬁcation  by  two  observers  for
3 trochanteric  fractures.  Black  bars  correspond  to  EC  (Junior)
nd grey  bars  correspond  to  ML  (Senior).  The  bar  graph  shows
he population  distribution  in  the  nine  AO  subgroups;  the  table
rovides  the  population  distribution  in  percentages  in  the  A1,
2 and  A3  groups  for  the  two  observers.
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Ahe bar  graph  shows  the  population  distribution  in  the  nine
O subgroups;  the  table  provides  the  population  distribution  in
ercentages  in  the  A1,  A2  and  A3  groups  for  the  two  observers.n  group  A1,  36  (68%)  in  group  A2  and  eight  (15%)  in  group
3.  With  the  same  imaging  modality,  EC  put  eight  fractures
15%)  in  group  A1,  36  (68%)  in  group  A2  and  eight  (16%)  in
roup  A3  (Fig.  3).
igure  3  Results  of  the  analysis  using  3D  reconstruction  (3DR)
mages  according  to  the  AO  classiﬁcation  by  two  observers  for
3 trochanteric  fractures.  Black  bars  correspond  to  EC  (Junior)
nd grey  bars  correspond  to  ML  (Senior).  The  bar  graph  shows
he population  distribution  in  the  nine  AO  subgroups;  the  table
rovides  the  population  distribution  in  percentages  in  the  A1,
2 and  A3  groups  for  the  two  observers.
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Figure  4  Results  of  the  analysis  with  all  three  imaging  modalities  according  to  the  Evans-Jensen  classiﬁcation  by  two  observers  for
53 trochanteric  fractures.  Black  bars  correspond  to  EC  (Junior)  and  grey  bars  correspond  to  ML  (Senior):  a:  population  distribution  for
the two  observers  when  using  conventional  X-ray  images;  b:  distribution  when  using  axial  CT  scan  (CT  scan)  images;  c:  distribution
when using  3D  reconstruction  (3DR)  images.
Based  on  conventional  X-rays  (Fig.  4A)  and  using  the  EVJE
classiﬁcation,  ML  classiﬁed  four  fractures  (8%)  as  Type  1,  10
as  Type  2  (19%),  ﬁve  as  Type  3  (9%),  nine  as  Type  4  (17%),
twenty  as  Type  5  (38%),  and  ﬁve  as  Type  R  (9%).  For  EC,  the
distribution  was  six  as  Type  1  (11%),  eight  as  Type  2  (15%),
eight  as  Type  3  (15%),  four  as  Type  4  (8%),  twenty  as  Type
5  (38%)  and  seven  as  Type  R  (13%).  Based  on  the  analysis  of
axial  CT  slices  (Fig.  4B),  ML  classiﬁed  three  fractures  as  Type
1  (5%),  four  as  Type  2  (8%),  eight  as  Type  3  (15%),  seven  as
Type  4  (13%),  25  as  Type  5  (51%)  and  four  as  Type  R  (8%).  For
EC  the  distribution  was  four  as  Type  1  (8%),  ﬁve  as  Type  2
(9%),  six  as  Type  3  (11%),  seven  as  Type  4  (13%),  22  as  Type  5
(42%)  and  nine  as  Type  R  (17%).  Based  on  3D  reconstruction
images  (Fig.  4C),  ML  classiﬁed  three  fractures  as  Type  1  (5%),
six  as  Type  2  (11%),  eight  as  Type  3  (15%),  eight  as  Type  4
(15%),  24  as  Type  5  (46%),  and  four  as  Type  R  (8%).  For  EC,
the  distribution  was  (Fig.  4C)  four  as  Type  1  (8%),  three  as
Type  2  (5%),  nine  as  Type  3  (17%),  seven  as  Type  4  (13%),  21
as  Type  5  (40%)  and  nine  as  Type  R  (17%).
The  lateral  wall  was  determined  to  be  fractured  on  10
conventional  X-rays  by  the  two  observers.  With  CT  scan
images,  EC  found  16  lateral  wall  fractures  and  ML  only  13.  In
every  case,  the  lateral  wall  fracture  occurred  in  the  context
of  an  EVJE  Type  5  or  Type  R  fracture.
The  Kappa  coefﬁcients  for  the  agreement  between  the
various  imaging  modalities  for  ML  and  EC  with  the  AO  classiﬁ-
cation  system  are  summarized  in  Table  1.  For  the  comparison
between  conventional  X-rays  (X-rays)  and  axial  CT  slices  (CT
scan),  the  agreement  between  the  two  modalities  was  aver-
age  for  ML  (kappa  =  0.58)  and  poor  for  EC  (kappa  =  0.38).
For  the  comparison  between  CT  scan  and  3DR,  the  agree-
ment  was  excellent  for  ML  (kappa  =  0.85)  and  good  for  EC
Table  1  Average  agreement  between  the  various  imag-
ing modalities  and  95%  conﬁdence  intervals  for  the  two
observers  (ML  and  EC)  using  the  AO  classiﬁcation.  Conven-
tional X-ray  images  versus  transverse  axial  CT  slices  and
transverse  axial  CT  slices  versus  3D  reconstruction.
Observer  X-rays/CT  scan  CT  scan/R3D
ML  (senior)  0.58
0.46—0.70
0.85
0.73—0.99
EC (junior)  0.38
0.27—0.48
0.79
0.68—0.91
Table  2  Average  agreement  between  the  various  imag-
ing modalities  and  95%  conﬁdence  intervals  for  the  two
observers  (ML  and  EC)  using  the  Evans  modiﬁed  by  Jensen
(EVJE)  classiﬁcation.  Conventional  X-ray  images  versus
transverse  axial  CT  slices  and  transverse  axial  CT  slices  ver-
sus 3D  reconstruction.
Observer  X-rays/CT  scan  CT  scan/R3D
ML  (senior)  0.56
0.44—0.70
0.86
0.72—1.0
EC (junior)  0.58 0.8
(
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kappa  =  0.79).  The  Kappa  coefﬁcients  for  the  agreement
etween  the  various  imaging  modalities  for  ML  and  EC  with
he  EVJE  classiﬁcation  systems  are  summarized  in  Table  2.
or  the  comparison  between  X-rays  and  CT  scan,  the  agree-
ent  was  average  for  the  two  observers  (kappa  of  0.56  for
L  and  0.58  for  EC).  For  the  comparison  between  CT  scan
nd  3DR,  the  agreement  was  excellent  for  ML  (kappa  =  0.86)
nd  good  for  EC  (kappa  =  0.80).
The  interobserver  kappa  coefﬁcients  for  the  two  clas-
iﬁcation  systems  are  summarized  in  Table  3.  When  using
he  AO  classiﬁcation  and  conventional  X-rays,  axial  CT  slices
r  3D  reconstruction,  the  interobserver  correlation  was
onsistently  poor  (kappa  of  0.28,  0.33  and  0.28,  respec-
ively).  When  using  the  EVJE  classiﬁcation  system,  the
nterobserver  correlation  was  average  when  based  on  con-
entional  X-rays  (kappa  =  0.50),  poor  when  based  on  axial
Table  3  Average  interobserver  kappa  coefﬁcient  and  95%
conﬁdence  intervals  for  the  two  classiﬁcation  systems  (AO
and EVJE)  based  on  the  three  imaging  modalities  for
trochanteric  fractures.
Classiﬁcation  Conventional
X-rays
CT  scan
slices
3D
Reconstruction
AO  0.28
0.17—0.39
0.33
0.21—0.45
0.28
0.17—0.40
EVJE  0.5
0.37—0.62
0.35
0.21—0.49
0.47
0.34—0.60
EVJE: Evans modiﬁed by Jensen; CT scan: computed tomography
scanning.
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T  slices  (kappa  =  0.35)  and  average  when  based  on  3DR
kappa  =  0.47).
For  the  detection  of  lateral  wall  fracture  on  X-rays,  the
nalysis  by  ML  resulted  in  a  sensitivity  of  77%,  speciﬁcity  of
00%,  positive  predictive  value  of  100%  and  negative  pre-
ictive  value  of  93%.  For  EC,  the  various  results  were  62.5%,
00%,  100%  and  86%,  respectively.  The  interobserver  repro-
ucibility  for  the  assessment  of  lateral  wall  fracture  was
xcellent  with  conventional  X-rays  (kappa  =  1.0),  axial  CT
lices  (kappa  =  0.95)  and  3D  reconstructions  (kappa  =  0.95).
he  agreement  was  also  very  high,  with  a  kappa  coefﬁcient
f  0.90  for  EC  and  0.95  for  ML  between  the  conventional
-rays  and  axial  CT  slices;  the  kappa  coefﬁcient  was  1.0  for
oth  observers  between  the  axial  CT  slices  and  3D  recon-
truction.
iscussion
he  results  of  this  study  did  not  support  our  hypothesis  and
he  primary  goal  of  this  study  was  not  attained  —  the  kappa
oefﬁcient  for  interobserver  reproducibility,  for  the  AO  clas-
iﬁcation  system,  did  not  increase  to  the  degree  expected
from  0.28  to  0.33).  Based  on  the  study  by  Pervez  et  al.,
11],  we  had  expected  to  reach  a  coefﬁcient  of  0.61,  which
as  not  achieved  when  adding  assessments  based  on  axial  CT
lices  or  3D  reconstruction.  The  current  series  had  enough
atients  to  demonstrate  that  a  signiﬁcant  increase  in  the
nterobserver  reproducibility  could  be  achieved  by  using  an
maging  modality  with  better  anatomical  deﬁnition.  The  use
f  CT  scanning  to  look  for  complex  fractures  at  other  sites
s  standard  and  even  systematic  [17—22]. Thus,  we  did  not
eem  it  necessary  to  get  approval  from  the  research  ethics
ommittee  at  our  institution  to  give  patients  this  extra  dose
f  radiation.
This  study  has  several  limitations  that  cannot  be  ignored.
nterpretation  of  conventional  X-rays  is  performed  on  images
aken  in  an  emergency  setting,  thus  the  quality  of  these
mages  may  leave  something  to  be  desired.  Koval  et  al.,  [23]
roposed  performing  the  X-rays  with  traction  and  internal
otation  of  the  leg  to  improve  the  precision  of  the  diagnosis
nd  especially  to  reduce  the  errors  in  distinguishing  between
emoral  neck  and  trochanteric  fractures;  this  was  not  a  prob-
em  in  the  current  study.  Three-dimensional  reconstructions
an  have  an  artiﬁcial  appearance,  as  certain  parts  of  the
mage  become  smooth,  and  some  small  comminuted  cortical
ragments  can  vanish.  We  decided  that  only  two  observers
ere  needed  for  all  the  X-rays.  The  goal  of  the  study  was  not
o  establish  the  reproducibility  rate  of  the  various  classiﬁca-
ion  systems,  but  to  determine  if  the  reproducibility  could
e  improved  by  using  a  more  precise  imaging  modality.  The
eproducibility  results  in  the  current  study  are  consistent
ith  those  reported  in  the  published  literature  with  more
han  two  observers  [8—11,24].  Also,  one  of  the  observers,
eing  a  junior  surgeon,  does  not  limit  the  quality  of  the
tudy,  as  explained  by  Van  Embden  et  al.,  [8].  The  pro-
ess  followed  in  this  study,  where  fracture  classiﬁcation
stablished  on  conventional  X-rays  is  extended  to  CT  scan
nalysis,  has  been  done  with  fractures  in  other  locations
17—22].
One  of  the  novel  ﬁndings  of  the  current  study  was  that
racture  comminution  is  common  and  under-estimated  by
C
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onventional  X-rays.  This  new  result  was  acquired  with  the
xial  CT  slices;  3D  reconstructions  did  not  provide  addi-
ional  information  but  were  visually  pleasing.  Our  protocol
id  not  improve  the  reproducibility  of  the  EVJE  classiﬁcation
n  axial  CT  slices  —– it  actually  reduced  it.  These  two  classiﬁ-
ation  systems  do  not  have  a  readability  problem,  but  one  of
nderstanding  and  analysis,  as  they  were  established,  based
 single  image  and  rendered  as  planar  drawings  [1,2,5].
The  current  distribution  of  trochanteric  fractures  corre-
ponds  to  previously  published  reports  [25]. Eight  out  of
0  (80%)  are  pertrochanteric,  from  the  top  of  the  greater
rochanter  to  the  lesser  trochanter,  and  often  comminuted.
ntertrochanteric  fractures,  having  a  horizontal  fracture  line
rom  the  lateral  cortex  to  the  lesser  trochanter,  make  up
bout  15%  of  trochanteric  fractures.  The  latter  fractures
re  at  ﬁrst  sight,  easy  to  identify  in  the  two  classiﬁcation
ystems  (A3  and  R),  however  the  two  observers  were  not
lways  in  agreement  as  to  the  appropriate  AO  classiﬁcation
hen  using  conventional  X-rays  (Fig.  1).  The  interobserver
eproducibility  for  the  EVJE  classiﬁcation  was  higher  than
he  one  obtained  for  the  AO  classiﬁcation.  For  the  EVJE  clas-
iﬁcation,  the  complexity  of  the  intertrochanteric  fracture
ine  is  not  taken  into  account  like  it  is  in  the  AO  classiﬁ-
ation;  signiﬁcant  comminution  or  multiple  fracture  lines
akes  it  difﬁcult  to  classify  the  fracture  as  pertrochanteric
r  intertrochanteric.  The  two  observers  were  unanimous  in
dentifying  fracture  comminution  on  CT  scan  images  more
ften  than  on  conventional  X-ray  images  for  both  classiﬁ-
ation  systems.  Similarly,  the  two  observers  changed  the
racture  identiﬁcation  minimally  when  going  from  axial  CT
lices  to  3D  reconstructions  for  both  classiﬁcation  systems.
In  this  study,  the  interobserver  reproducibility  and  agree-
ent  were  limited  for  the  two  classiﬁcation  systems.  These
esults  were  consistent  with  those  reported  in  the  published
iterature.  When  using  the  Evans  classiﬁcation,  Andersen
t  al.,  [24]  found  an  interobserver  kappa  of  0.38  and
ntra-observer  kappa  of  0.68.  Pervez  et  al.,  [11]  found  an
nterobserver  kappa  of  0.42  and  intra-observer  kappa  of
.33.  Similar  results  were  reported  by  Van  Embden  et  al.,
8]  and  Jin  et  al.,  [9]  for  the  AO  classiﬁcation.
Other  than  when  a  clear  separation  exists  between
rochanter  area  and  intertrochanteric  fractures  (AO  Type  3
r  Evans  Type  Reverse),  the  degree  of  fracture  comminu-
ion  is  difﬁcult  to  determine.  An  analysis  of  the  distribution
howed  that  the  population  classiﬁed  as  A1  (simple)  with
onventional  X-rays  shifted  into  a  large  population  classiﬁed
s  A2  (multifragment)  with  CT  scanning  for  both  observers.
his  study’s  most  important  result  serves  to  highlight  the
ften  complex  nature  of  the  fracture  line  in  trochanteric
ractures.
By  using  transverse  axial  CT  slices  and  three-dimensional
econstruction,  this  study  revealed  a  high  frequency  of  lat-
ral  wall  fractures  (one  of  three  fractures)  and  the  challenge
ssociated  with  identifying  these  fractures  on  conventional
-rays.  An  intramedullary  implant  must  be  used  when  the
ateral  wall  is  involved  [26].onclusion
his  goal  of  this  unique  study  was  not  to  suggest  that  CT
canning  be  used  to  evaluate  trochanteric  fractures,  but
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to  increase  our  understanding  of  these  fractures.  Trans-
verse  axial  CT  slices  provided  a  more  precise  analysis  of  the
various  trochanteric  fracture  lines  in  elderly  subjects,  and
revealed  that  comminution  and  lateral  wall  involvement  are
more  common  than  previously  reported.  Three-dimensional
reconstructions  did  not  provide  a  signiﬁcant  diagnostic
beneﬁt.  The  two  main  trochanteric  fracture  classiﬁcation
systems  currently  in  use  had  little  or  no  reproducibility,
independent  of  the  imaging  modality  used.
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